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SIGNAL-TYPE DEPENDENT REAL-TIME 
FAXRELAY 

PRIORAPPLICATION DATA 

This patent application is a continuation of, and claims 
priority and benefit from, U.S. patent application Ser. No. 
11/136,933, filed on May 25, 2005, now U.S. Pat. No. 7,733, 
848 titled “Signal-Type Dependent Real-Time Fax Relay', 
which is hereby incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

The present invention relates generally to the field of fac 
simile communications. More specifically, the present inven 
tion relates to the field of real-time fax relay generally called 
fax over IP (“FolP) communications, and even more specifi 
cally, to a signal type dependent real-time fax relay used in 
connection with FoP systems. 

BACKGROUND 

The development of the Internet and other similar distrib 
uted data communication networks (i.e., Internet Protocol 
(“IP) based networks, or, simply, IP networks) has facili 
tated a growth in the number of people using IP-based net 
works to exchange various types of information, such as 
Voice, fax and modem calls. The key method supporting fax 
calls over packet networks is the fax over IP (“FolP). 

Fax relay is considered a reliable method for carrying out 
'end-to-end fax communications over IP networks. The com 
munication protocol of FoP systems is described in ITU-T 
Recommendation T.38 (“Procedures for real-time Group 3 
facsimile communication over IP networks”). Roughly, 
ITU-T T38 is a set of rules defining the FoIP call establish 
ment and the packet format for transferring different signals 
of regular G3 and V.34 half-duplex (“HDX”) fax calls. The 
other fax relay protocol is defined in the Voice over Frame 
Relay Implementation Agreement FRF.11 but it has a limited 
use in comparison to T38. 

Traditionally, fax machines were, and still are, designed to 
make fax calls via a public switched telephone network 
(“PSTN). The way in which such fax calls are managed and 
the way they traverse the PSTN infrastructure is defined in the 
ITU-T Recommendation T.30 (“Procedures for document 
facsimile transmission in general switched telephone net 
works”). Briefly, fax machines employ modulation schemes 
for allowing such traversals. However, for enabling FoIP 
calls, the signal output by a fax machine must be translated 
into a bit stream suitable for transmission via an IP network. 
The translation is performed by a corresponding media gate 
way (hereinafter 'gateway') that is connected on one hand to 
the fax terminal or PSTN, and, on the other hand, to the IP 
network. Such media gateways typically include a fax relay. 
speech coder and voice band data (“VDB) paths for enabling 
fax calls, Verbal and modem communication, respectively, as 
schematically shown in FIG. 1. 

Traditionally, voice-over-IP (VoIP) gateways process 
input and output Voice band signals at 8 kHZ sampling rate. 
Gateways exchange the signals with analog devices via inter 
face circuits. Higher sampling rates are allowed as well. How 
ever, for pulse code modulation (PCM) based transfer over 
IP, which is based on bit rates up to 64 kbps (kilo-bits-per 
second), the signals should be sampled at a rate of 8 kHz. 
Typically, the input samples represent a sine waveform (car 
rier) signal modulated by a digital bit stream according to a 
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standard modulation scheme. The modulating bit stream may 
contain some useful information such as fax capabilities, 
commands, responses, image bit map, transferred binary file, 
mixed raster content, etc. 
A purpose of fax gateways is to deliver all or most of the 

signals end-to-end between two communicating fax 
machines by a way that the faxes are able to complete a fax 
call/session without error alarms and Such that an answering 
fax machine may receive analog signals from a gateway and 
extract a binary information transferred to it by the In-Mes 
sage procedure, and interpretitas intended by the originating 
fax. 

Typically, fax relay gateways detect, demodulate and re 
modulate all types of fax signals from the beginning till the 
end of a fax call. Usually, if the gateway is unable to relay at 
least some fax signals then it employs the VBD method to 
transfer a complete call over IP. It is noted that by using the 
wording VBD method and fax relay it is also meant to 
include the use of corresponding software tools, hardware, 
algorithms and applications as required for operating these 
circuitries. 
By VEBD is meant method according to which modems 

signals are transported over IP networks using a codec that 
passes voice band data modulated signals with minimum 
distortion. Exemplary VBD codecs are the G.711 A-law and 
G.711 u-law codecs, which are commonly utilized by ITU-T 
V.150.1 ("Procedures for the end-to-end connection of V-se 
ries DCEs over an IP network) and ITU-TV.152 (“Proce 
dures for supporting Voice-Band Data over IP Networks”) 
standards. PCM encoders of the G.711 type output bit streams 
at the rate 64 kbps, whereas PCM encoders of the G.726 type 
output bit streams at a rate of up to 40 kbps. 

Typical FoIP media gateways, readily available on the mar 
ket, were primarily designed to cope with (regular) group 3 
(“G3) fax machines, which are capable of producing HDX 
fax image data streams at a bit-rate less than or equal to 14.4 
kbps, and exchanging HDX fax's control signals at a rate of 
300 bps. After being received by a gateway, these signals are 
handled by the fax relay. The fax signal translation performed 
in the gateway involves demodulation of the incoming 
sampled signal by a fax relay receiver, packetization of the 
demodulated data according to a fax relay protocol (FRP), 
and transmittal of the FRP packets to the IP network. A 
receiving gateway includes a fax relay transmitter, the task of 
which is to re-modulate the FRP packets, received from the 
packet network, according to modulation schemes that are 
defined for G3-type faxes in the ITU-T Recommendation 
T.3 O. 

Currently, there exist V.34-type fax machines that are 
known to those skilled in the art also as “super-G3 fax 
machines, which have a signal flow and modulation schemes 
that are more advanced in comparison to those of regular G3 
fax machines. For example, a Super-G3 fax machine transfers 
HDX fax images at a bit-rate as high as 33.6 kbps (vs. 14.4 
kbps in G3 fax machines) and exchange different types of fax 
control signals full duplex at bit-rates of 300, 600 and 1200 
(2400) bps. Full support of V.34 fax relay as defined by T38 
Rec. is highly problematic due to considerable computational 
resources that are required, on the receiving/transmitting 
gateway side, for processing V.34 fax images and training 
equalizer signals. 

Traditional gateways avoid the latter obstacle by using the 
relatively low-complex VBD method. They do so by switch 
ing to VBD mode of operation, handling and transferring 
(i.e., over the IP network) the incoming V.34 type signals as if 
they were Voice band modem signals; i.e., without demodu 
lation. However, as far as operating under real IP network 
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conditions, the latter solution is very problematic shorthand 
and unsatisfying; that is, IP networks have variable packet 
latency, multi-node packet processing and bandwidth restric 
tions. More specifically, the problems associated with the 
latter solution are the following: 

i) Data streams exchanged by gateways are required to be 
full duplex at bit-rates of 64 kbps in order to allow commu 
nications at fax rates above 7.2 kbps; 

ii) The VBD path (i.e., in a gateway) is highly sensitive to 
residual echoes and imperfection of echo canceling process, 
which tend to cause fallbacks in bit-rates, inaccurate recon 
struction of the original fax images, and fax calls failures; 

iii) The traditional solution involving usage of VBD is 
sensitive to packet latency. Long constant delays of packets in 
the IP network may cause signal collisions at the destination 
fax machine, and failure or abortion of fax sessions; 

iv) The VBD path is highly sensitive to packet jitter 
(variable delay) in the network. An attempt to extend the input 
queue buffers for solving this problem would result in large 
constant delays, possible collisions of fax signals, and tim 
eout related disconnections; and 

v) The VBD path solution is highly sensitive to packet 
loss. 

Therefore, as far as Super-G3 fax terminal equipments are 
concerned, traditional gateways provide a solution that is far 
from being adequate. 

SUMMARY OF THE INVENTION 

In general, the present invention is characterized by not 
utilizing the commonly known VBD method for delivering 
fax calls but, rather, by employing a novel type of fax relay 
for all available types of fax signals (i.e., control and image 
relating signals) because a fax relay is more reliable in com 
parison to the VBD method. 
As part of the present invention, a method of delivering fax 

calls between gateways over an IP network is provided, 
according to which a distinction is made between two types of 
fax signals, the first type being generally associated with fax 
control signals, and the second being generally associated 
with fax image signals, wherein gateways relay all types of 
fax control signals in demodulated form and conditionally 
transfer fax image type signals either as a demodulated signal 
or as a PCM encoded signal, based on a predetermined con 
dition. 

In some embodiments of the present invention, the prede 
termined condition of relaying fax image signals in demodu 
lated form may relate, e.g., to the availability of computa 
tional resources in the gateway required for performing the 
demodulation process, and/or to whether the gateways 
involved both support the modulation scheme used by the fax 
machines. Of course, other considerations may be taken into 
account, whether cumulatively or uniquely, when employing 
the predefined demodulation condition. 
More specifically, if the gateway does not support a modu 

lation scheme that is currently utilized by a fax machine, or 
the gateway does not have enough computational resources 
for performing demodulation, then the gateway may forward 
the signal in question to the IP network essentially as is, by 
using minimum-distortion PCM encoder without departing 
from the fax relay mode of operation. In turn, when the 
gateway receives an FRP stream containing PCM-type data 
from the IP network, it must be able (in addition to its con 
ventional re-modulation capability) to decode PCM-type 
data and transmit the output signal to a connected fax machine 
in conformity to T.30 requirements. 
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4 
As part of the present invention, a method is disclosed for 

processing in real-time an outgoing fax over IP (“FolP) 
signal by a gateway, comprising: 

a) Receiving an incoming fax signal and, based on its signal 
characteristics, associating it either with a first type of signals 
(e.g., if it is a fax control signal) or with a second type of 
signals (i.e., if it is a fax image signal); 

b) Demodulating the fax signal if it is associated with the 
first type of signals (and, therefore must be de-modulated) or 
if it is associated with the second type of signals and it is 
decided that it is within the gateway's capacity to demodulate 
the fax signal; and outputting the resultant FRP packetized 
data to the IP network; otherwise, 

c) PCM-encoding the fax signal and outputting the result 
ant FRP-PCM packetized data to the IP network. 

In some embodiments of the present invention, an incom 
ing fax signal is associated with the first type of signals and 
relayed (unconditionally) if it belongs to the group signals 
consisting of Answer fax tone including V8 modified 
answer tone; V.21 (FSK, 300 bps); V.34 INFO (DPSK, 600 
bps); V.34 Control Channel (QAM, 1200 bps or 2400 bps)}. 
Calling fax signals that precede an answer tone (e.g., CNG 
and V.8 CI signals) may be conveniently transferred in the 
form of compressed Voice signals or in a form of fax events 
that are relayed using VoIP or FoIP technique. 

In some embodiments of the present invention, an incom 
ing fax signal belonging to the group consisting of {V.27 
(Phases B and C); V.29 (Phases B and C); V.17/V.33 (Phases 
B and C); V.34 Line probe (Phase B); V.34 Primary channel 
equalizer training (Phase B); V.34 Primary channel (Phase 
C), is associated with the second type of signals and is 
demodulated if there are enough computational resources for 
demodulation, otherwise it is PCM-encoded before being 
forwarded to the packet network. 
As part of the present invention a method is disclosed for 

processing in real-time a fax over IP (“FolP) signal received 
by a gateway, comprising: 

a) Determining whether the received fax signal is FRP-type 
data or FRP-PCM type data (i.e., depending on the type of 
signal that was originally transmitted to the gateway by a 
remote gateway; 

b) Re-modulating the incoming fax signal if it is deter 
mined to be FRP-type data, and forwarding the resultant 
signal (in the form of samples) to an intended recipient (nor 
mally a fax machine); or 

c) PCM-decoding the incoming fax signal if it is deter 
mined to be FRP-PCM type data, and forwarding the resultant 
signal (in the form of samples) to the intended recipient. 
As part of the present invention, the determination how to 

process (i.e., performing demodulation or PCM-encoding) 
the incoming fax signal may be made by judging, Such as by 
a state machine, a currently, and historically based on pre 
viously detected or demodulated fax signals and received 
FRP data from the IP network. The judging may also be based 
on the gateway capabilities and on the estimation of resources 
available for performing demodulation. 
The present invention also discloses a fax relay state 

machine for allowing FoP communication between gate 
ways delivering fax calls over an IP network. The fax relay 
state-machine is operable to: 

a) Be configured with a set of rules associated with the 
potential employment of any available fax modulation 
schemes, and by a temporary set of rules intended for Sup 
porting fax modulation schemes that may be potentially used 
in a current fax call while taking into account available com 
putational resources; 
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b) Evaluate current and historic input fax signals based on 
the fax and FRP data responses returned from a remote gate 
way: 

c) Judge, based on the evaluation, whether the input fax 
signal can be demodulated and; if the input digital signal can 
be demodulated, then to Invoke a corresponding fax receiver 
and to forward the resultant FRP data to the IP network; 

d) Invoke PCM encoding and to forward the resultant FRP 
PCM type data to the IP network without performing any 
demodulation; 

e) Buffer the FRP-type data stream arriving from the IP 
network, and to 

f) Invoke a fax transmitter or a PCM-decoder in a way that 
the output fax signals would conform to the ITU-T T.30 
Recommendation. 

In one aspect, the fax relay resides within the gateway. In 
another aspect, the fax relay is external to the gateway and in 
communication with it. 
As part of the present invention, a gateway is also dis 

closed, which includes the novel fax relay. 
In some preferred embodiments of the present invention, 

the gateway further includes also a speech coder and a VBD 
path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Subject matter regarded as the invention is particularly 
pointed out and distinctly claimed in the concluding portion 
of the specification. The invention, however, both as to orga 
nization and method of operation, together with objects, fea 
tures, and advantages thereof, may best be understood by 
reference to the following detailed description when read 
with the accompanying drawings in which: 

FIG. 1 (prior art) is a block diagram showing an exemplary 
conventional gateway used for delivering fax calls over an IP 
network; 

FIG. 2 is a block diagram showing signals flow in an 
exemplary fax relay while in originate mode of operation 
according to Some preferred embodiments of the present 
invention; and 

FIG. 3 is a block diagram showing signals flow in an 
exemplary fax relay while in answer mode of operation 
according to Some preferred embodiments of the present 
invention. 
By originate or answer mode is meant herein to the 

mode of operation of a fax relay unit when operating at the 
side of a facsimile terminal that sends or receives fax image 
signals to, or from, a connected facsimile terminal, respec 
tively. 

It will be appreciated that for simplicity and clarity of 
illustration, elements shown in the figures have not necessar 
ily been drawn to Scale. For example, the dimensions of some 
of the elements may be exaggerated relative to other elements 
for clarity. Further, where considered appropriate, reference 
numerals may be repeated among the figures to indicate cor 
responding or analogous elements. 

DETAILED DESCRIPTION 

In the following detailed description, numerous specific 
details are set forth in order to provide a thorough understand 
ing of the invention. However, it will be understood by those 
skilled in the art that the present invention may be practiced 
without these specific details. In other instances, well-known 
methods, procedures, components and circuits have not been 
described in detailso as not to obscure the present invention. 
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Unless specifically stated otherwise, as apparent from the 

following discussions, it is appreciated that throughout the 
specification discussions utilizing terms such as “process 
ing”, “computing', 'calculating”, “determining, or the like, 
refer to the action and/or processes of a computer or comput 
ing system, or similar electronic computing device, that 
manipulate and/or transform data represented as physical, 
Such as electronic, quantities within the computing systems 
registers and/or memories into other data similarly repre 
sented as physical quantities within the computing systems 
memories, registers or other Such information storage, trans 
mission or display devices. 

Embodiments of the present invention may include appa 
ratuses for performing the operations herein. This apparatus 
may be specially constructed for the desired purposes, or it 
may comprise a general purpose computer selectively acti 
vated or reconfigured by a computer program Stored in the 
computer. Such a computer program may be stored in a com 
puter readable storage medium, Such as, but is not limited to, 
any type of disk including floppy disks, optical disks, CD 
ROMs, magnetic-optical disks, read-only memories (ROMs), 
random access memories (RAMs) electrically programmable 
read-only memories (EPROMs), electrically erasable and 
programmable read only memories (EEPROMs), magnetic or 
optical cards, or any other type of media Suitable for storing 
electronic instructions, and capable of being coupled to a 
computer system bus. 
The processes and displays presented herein are not inher 

ently related to any particular computer or other apparatus. 
Various general-purpose systems may be used with programs 
in accordance with the teachings herein, or it may prove 
convenient to construct a more specialized apparatus to per 
form the desired method. The desired structure for a variety of 
these systems will appear from the description below. In 
addition, embodiments of the present invention are not 
described with reference to any particular programming lan 
guage. It will be appreciated that a variety of programming 
languages may be used to implement the teachings of the 
inventions as described herein. 

In particular, the method disclosed in the present invention 
is not limited to a specific type of a packet (or IP) network, 
communication protocol or standard for relaying demodu 
lated fax data. 

In the following description, packets encoded according to 
a Fax Relay Protocol (“FRP”), such as T38 and FRF.11, are 
herein referred to as “FRP packets. In addition, the present 
invention is not intended to be limited to a specific facsimiles 
modulation scheme described in the of ITU-T T.30 Recom 
mendation. For example, the method disclosed herein may be 
used for relaying also non-standard fax calls. 
As known in the art of telecommunications, in cases where 

Voice transmissions are involved, the original Voice signal is 
first digitized by an external analog to digital (A/D) con 
verter (i.e., CODEC). A typical CODEC samples the analog 
Tel/Fax/Modem signal at sampling rate 8 kHz, and outputs the 
digitized signal as series of linear 16-bit samples or 8-bit 
compressed PCM A-law or L-law bytes. 
The term fax over IP (FoP) refers generally to facsimile 

communication over IP network by using the fax relay pro 
tocol defined in “ITU-T Recommendation T.38. However, it 
is noted that the present invention can be applied, mutatis 
mutandis, essentially to any other fax relay protocol/standard 
and other packet networks. 
As described hereinbefore, an input fax signal may belong 

either to a first or to a second type of signals. In general, the 
first type of signals (i.e., fax control signals) may include, 
inter alia, T.30 Phase A type Tone signals, V.21-modulation 
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based signals and V.34 INFO and V.34 Control Channel 
signals. Signals belonging to the first group are characterized 
by being relatively simple signals; that is, they are simple in 
the sense that their processing does not require much compu 
tational resources, and therefore, in accordance with the prin 
ciples of the present invention, signals belonging to the first 
type are conventionally relayed by gateways over IP network; 
that is, the gateways detect them, demodulate and forward the 
resultant fax-relay-protocol (FRP) data to the IP network. 
Upon receipt of the FRP data, the gateways generate or re 
modulate corresponding fax signals and forward them to 
intended recipient (normally a fax machine). 
The second type of signals (i.e., fax image signals) may 

include, inter alia, signals relating to the fax In-Message 
procedure itself (i.e., T.30 Phase C signals), and to T.30 Phase 
B type pre-message signals such as training check frame 
("TCF"), V.34 line probe signals and V.34 Primary Chan 
nel equalizer training (“TRN) signals. 

Signals belonging to the second type of signals may be 
conditionally relayed in demodulated form or are said to be 
transparently transferred over IP between gateways by 
using PCM encoding, FRP format, and PCM decoding. 
A determination as to how and when to process (i.e., per 

forming demodulation or PCM-encoding) the incoming fax 
signal may be made by judging, Such as by a state machine, 
a currently, and historically based on previously detected or 
demodulated fax signals and received FRP data from the IP 
network. The judging may also be based on the gateway 
capabilities and on the estimation of resources available for 
performing demodulation. 
Some judgment is traditionally performed by various types 

of gateways for anticipating a current step in a specific fax 
communication/session. This judgment is essential because a 
gateway must know in advance what the current step in a 
specific fax communication is going to be, in order to allow it 
to timely prepare itself for a currently incoming signal; that 
is, by enabling circuitries relevant to the current signal and 
disabling, or muting other irrelevant circuitries, and by 
employing corresponding signal processing within the gate 
way. However, according to the present invention, the results 
of the judgment are somewhat different than the traditional 
one, as disclosed herein. 

For correct functioning of the signal-type dependent fax 
relay being disclosed in the present invention, the PCM 
based, and possibly some other modulation type(s), would be 
added into FolP protocol proprietarily by a gateway's vendor 
or officially via ITU-T or by any other suitable forum. 

At the stage of a FoP call setup, the gateway compliant 
with the principles disclosed by the present invention nego 
tiates the FRP-PCM capability with the other FoIP capabili 
ties. The FRP-PCM mode of operation must be disabled if it 
is not confirmed by a remote gateway. In the latter case, the 
fax calls, for example V.34 fax calls, that cannot be relayed by 
the gateway may be transferred using a regular VBD mode of 
operation. 
The invention considers the PCM scheme used during fax 

relay sessions as an integral part of FoP protocol together 
with the other modulation schemes of fax signals. The PCM 
based transfer of fax image signals (i.e., signals relating to the 
second type of fax signals) differs from VBD transfer, the 
differences therebetween being the following: 

1) PCM stream is packetized in primary IP fax packets 
according to FRP (FolP) rules but not according to RTP rules 
applied to VBD and compressed voice streams, while an 
upper level packetizing of primary fax packets may include 
RTP and other IP formats as well. For example, T38 may be 
encapsulated in RTP: 
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8 
2) Occasionally, a gateway may decide to Switch from 

PCM mode of operation into demodulation mode of opera 
tion, and vice versa, to accommodate to actual signal type that 
depends on the current stage in a fax Session/call being cur 
rently handled; 

3) A gateway stays in FolP mode of operation throughout 
the entire fax call; namely, no transitions take place between 
the “Audio”, “VBD” and “FolP” states/modes of operation 
during a given fax call. Therefore, PCM-type data streams are 
Substantially insensitive to disrupts (i.e., they are not dis 
torted) and to temporally misplaced silence gaps that may 
occur during transitions/Switching between the States; 

4) gateway transferring a FRP-PCM type data stream may, 
at the same time, process the fax control signals (i.e., signals 
belonging to the first type of signals) relayed by using FoP 
method. 

Turning now to FIG. 1, the gateway 100 may receive, at 
times, Telephone, Fax or Modem (Tel/Fax/Modem) analog 
signals sampled at 8 kHz from serial port interface, or TDM 
port, 101. If in compressed form, the input samples are 
expanded by the gateway into linear 16-bit samples (102). 
Synchronously with receiving input samples, the gateway 
100 transmits output samples to the serial or TDM port 101. 
If required, the output samples are compressed by gateway 
100 before being transmitted. 
The output samples transmitted to the analog signal inter 

face 101 are utilized by echo canceller 103 as a reference to 
filter the incoming signal, whereby to obtain echoless signal 
104. The voice/fax/data call discriminator 105 constantly 
monitors the echo-free input signal 104. If discriminator 105 
detects a voice signal, the incoming samples are forwarded to 
speech encoder 106. If it detects a fax signal, the samples are 
forwarded to fax relay 108 for demodulation. In case of a 
modem signal being detected by discriminator 105, the input 
samples are forwarded to VBD encoder 107. As described 
hereinbefore in connection with traditional operation of gate 
ways, if the input signal 102 originates from a Super-G3 (i.e., 
V.34) fax machine, the gateway 100 routes the samples via 
VDB path 107 as if they were originated by a modem call. The 
consequences resulting from this solution were discussed 
hereinabove. 

Depending on the path of signal processing, gateway 100 
packetizes the output bit-streams according to the real-time 
transport protocol RTP (109) or fax relay protocol T.38 (110), 
and transfers the packets (111) to the network packet interface 
(112), which forwards it, possibly after some modifications, 
to the IP network (not shown). The bit-stream passing through 
interface 112 may relate, at times, either to the compressed 
voice or to PCM encoded modem or to the demodulated fax 
signals. 
No further description will be given hereinafter in respect 

of the blocks shown in FIG. 1, because their functionality is 
well known to those skilled in the field of voice over IP 
technologies. 

Turning to FIG. 2 and FIG.3, they show block diagrams of 
a fax relay handling an originating (200) and answer (300) fax 
call, respectively, in accordance with the present invention. In 
respect of fax control signals, gateways 200 and 300 perform 
a similar bi-directional communications processing. Namely, 
each of the gateways 200 and 300 may both receive and 
transmit fax control signals from/to a connected fax machine. 
In respect of fax image signals propagating only in one direc 
tion, gateway 200 only receives this type of signals from an 
originating fax machine, while gateway 300 only transmits 
fax image signals to an answering fax machine. 

Fax relay gateway 200/300 receives the sampled input fax 
signal 102, filtered by the echo canceller 103. The fax relay 
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state machine of gateways 200/300 (not shown) determines 
how the input signal should be processed. In one aspect, the 
latter determination is made according to the input signal 
analysis performed by signal detector 201/301, which moni 
tors the echo-free input samples 104. In another aspect, the 
determination is based on monitoring fax packets received 
from the IP network. As part of the analysis process, the state 
machine considers the history of previous signal sequences 
that were received from and transmitted to a connected fax 
machine. The decision about the type of a currently received, 
or handled, signal (i.e., fax control or fax image) is made per 
every signal. The decision as to how to process fax image 
signals is taken by the state machine one time perfax call, and 
depending on the type of the fax call (i.e., regular G3 or V.34 
fax call), and on the amount of computational resources 
required (and available) for processing a current call. 

If the state machine determines that signal 104 relates to 
T.30 Control type signals, it causes signal 104 to be routed to 
the T30 Control path, where signal 104 is first processed by 
T.30 Control receiver 202/302. 

Receivers 202 and 302 are advantageously designed for 
demodulating fax control signals. According to the T30 stan 
dard dated 07/2003, such fax control signals are the follow 
ing: V.21 (frequency shift keying FSK, 300 bps), V.34 
INFO (differential phase shift keying DPSK, 600 bps) and 
V.34 Control Channel (quadrature amplitude modulation— 
QAM, 1200 bps or 2400 bps). Receiver 202/302 operates in a 
frequency spectrum that similar to the frequency spectrum of 
the received signals (104). In this context, receiver 202/302 
operates in a conventional manner. Namely, receiver 202/302 
demodulates fax signal 104 to extract therefrom information/ 
messages, in binary format. Thereafter, the fax relay state 
machine forwards the extracted binary data through T.30 
command/response analyzer 205/305 and outputs packet 
queue 208/308 to packetizer 110, which packetizes the binary 
data and forwards the resulting FoIP packets 111 (FIGS. 1, 2 
and 3) to the packet interface 112 (FIG. 1). 

However, if the state machine of gateway 200 determines 
that signal 104 does not relate to fax control type signals, a 
second decision is reached, as to whether signal 104 has to be 
demodulated according to a different demodulation Scheme, 
or it has to be PCM encoded. The latter decision depends on 
the signal type, as detailed hereinafter. 

The V.xx receiver (203) is advantageously designed for 
demodulation of signals such as V.27 (DPSK, 2.4/4.8 kbps), 
V.29 (QAM, 7.2/9.6 kbps) and V.17/V.33 (Trellis code modu 
lation TCM, 7.2/9.6/12.0/14.4 kbps) used in G3 fax calls 
for T.30 training check TCF and images. Depending on a 
gateway configuration and available resources for performing 
demodulation, receiver 203 is either enabled or disabled. 
When invoked by the fax relay state machine, the receiver 203 
extracts the TCF or fax image data (206), and forwards it 
through packet queue 208 to FoP packetizer (110), which 
packetizes the extracted data and forwards the resulting pack 
ets 111 (FIGS. 1 and 2) to the packet interface 112 (FIG. 1). 
The PCM encoder (204) performs G.711 A-law, or u-law, 

type compression of signals that the state machine deter 
mined that they should be transferred transparently. Theo 
retically, the state machine may decide to disable, or mute, 
V.xx demodulation activities related to any one of the modu 
lation standards V27, V.29, V.17 and V.33, in which case the 
disabled Phase C fax image and preceding Phase B TCF 
signals would be transferred using PCM mode of operation. 
In case of V.34 fax calls, the following groups of signals are 
transferred as PCM encoded signals: Line probe (Phase B) 
signals, Primary channel equalizertraining (Phase B) signals, 
and Primary channel (Phase C) signals. The fax relay 200 
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10 
packetizes (110) the resulting PCM data by utilizing rules that 
are dictated by the FolP protocol. 

According to current T.38 Recommendation, the V.34 
INFO and line probe and V.34 equalizer training signals are 
not relayed but, instead, they are locally generated in/by the 
gateway. Also the T.30 TCF signal may be locally generated 
by the gateway. According to the present invention, V.34 
INFO signals are relayed after being demodulated, and V.34 
line probe, V.34 equalizer training and optionally T.30 TCF 
signals are transferred by means of PCM. This is essential for 
effective adaptation of the fax rate involved to the current line 
conditions and for Successful reception of post-coming Phase 
C image signals by an answering fax machine. 
The present invention makes use of the T38 protocolver 

sion 04/2004, which is extended for the purposes of the 
present invention using three T30 INDICATORS and two 
T.30 DATA types. The three T30 INDICATORS are: 

V.34 INFO: 
PCM. G.711 u-law; and 
PCM, G.711 A-law. 
The two T.30 DATA types are: 
INFO data; and 
PCM data. 
Synchronously with processing the input fax signals, the 

gateways 200 and 300 transmit the output signals to con 
nected fax machines. By default, in the absence of fax packets 
from the IP network, the fax relay transmitter mutes its out 
put. 
The fax relay de-packetizer 218/318 receives the FoIP bit 

stream from the IP network (“FoIP Packet In), recovers lost 
packets, re-orders packets arriving in incorrect sequence, and 
removes excess redundancy data. The resultant data is buff 
ered according to its type (i.e., 210/310,313 or 316). The fax 
relay state machine decides if, when and how to re-modulate 
or decode (as the case may be) the arriving data in a way to 
conform to the fax transmission protocol T.30. 

Relayed fax control signals pass through the T-30 response/ 
command queue 210/310 and are re-modulated by transmitter 
212/312. The T30 response/command signal/data generator 
211/311 operates in conjunction with T.30 response/com 
mand queue 210/310 in order to locally generate T.30 signals/ 
data for preventing the abortion of connections between 
respective fax terminal equipments in cases of incoming 
packets being delayed. The duration of transmitted fax con 
trol signals is adjusted to network delays by varying the 
length oftonal components and amount of HDLC flags or fill 
bits. 
The fax image or TCF data relayed from an originating side 

passes through the VXX jitter buffer 313 and is re-modulated 
by V.XX transmitter 315. Though this is not necessarily so, 
VXX transmitter 315 of the answering gateway usually re 
modulates data by using a modulation standard and a data rate 
similar to those used by a remote gateway and the originating 
fax. The VXX data generator 314 is utilized as a source of 
binary data for image related signals that can or should be 
locally generated by gateway 300. For example, such image 
related data may be local TCF, HDLC flags and T4 fill bits. 
When FRP-PCM type stream arrives from the IP network, 

the data stream is first buffered (316) and then PCM decoded 
(317) to produce the output signal. 

It is noted that fax relays 200 (FIG. 2) and 300 (FIG. 3) 
actually refer to the same novel fax relay that is disclosed 
herein. FIGS. 2 and 3 schematically illustrate the originat 
ing and answering portions, sections or elements, of the fax 
relay, respectively, as explicitly described hereinbefore. 
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The method disclosed in the present invention is advanta 
geous over the prior art in that it offers a compromise between 
two traditional methods, i.e., FoP and VBD: 

The method disclosed by the present invention is advanta 
geous over VBD in terms of reliability and bandwidth 
utilization; and 

The gateway disclosed by the present invention has lower 
complexity vs. traditional FoP gateways, because, 
according to the novel principles that are disclosed in the 
present invention, signal modulation standards that are 
dedicated by T.30 Recommendation forfax image trans 
mission (V.27.V.29, V.17/V.33, and V34) may be spared. 

In comparison to VBD, the method and fax relay disclosed 
by the present invention are advantageous in other aspects. 
For example, transferring fax control signals enjoys the ben 
efits of FoIP vs. VB.D. More specifically, the method and fax 
relay disclosed by the present invention are characterized by: 

Saving bandwidth for fax control signals and silence peri 
ods relayed at low bit-rates; 

Having half-duplex PCM type data stream, thereby saving 
a communication bandwidth that would otherwise be 
required for backwards channeling; 

Being free of echoes: the novel gateway never returns 
echoes over IP to a remote gateway and connected fax 
and, therefore, it presents a much better signal-to-noise 
ratio: 

Being well protected from signal/data collisions because it 
transmits the fax signals according to T.30 signal flow 
definition; 

Being well protected from packet loss for fax control sig 
nals; 

Enabling fax spoofing for solving problems of signal delay 
caused by the IP network and/or by the fax machine 
involved in the fax communication; 

Overcoming T.30 violations; and 
Suppressing the influence of network jitters and clock syn 

chronization errors by means of long enough buffering 
of PCM data stream that is received from the IP network. 

While certain features of the invention have been illus 
trated and described herein, many modifications, Substitu 
tions, changes, and equivalents will now occur to those skilled 
in the art. It is, therefore, to be understood that the appended 
claims are intended to cover all Such modifications and 
changes as fall within the true spirit of the invention. 

What is claimed: 
1. A system for delivering in real-time a fax call from a 

gateway to an Internet Protocol (IP) network, 
wherein the fax call comprises: (a) analog signals of fax 

negotiation and control belonging to a first type of fax 
signals, and (b) half-duplex analog signals modulated 
according to a modulation scheme selected by fax ter 
minals for fax image transfer belonging to a second type 
of fax signals; 

wherein the system comprises: 
a module for distinguishing between the first type of 

signals which are received at the gateway and the 
second type of signals which are received at the gate 
way: 

a module for demodulation and transferring signals 
belonging to said first type from said gateway to said 
IP network, and 

a module for transferring signals of said second type 
from said gateway to said IP network either after 
being demodulated or after being Pulse Code Modu 
lation (PCM) encoded based on a predetermined con 
dition; 
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12 
wherein the system is to determine, on per-signal basis, 
how to process sampled input of fax signals; 

wherein the system is to select, on per-fax-call basis, 
whether to transfer fax signals belonging to said second 
type after being demodulated or after being PCM 
encoded; 

wherein, if PCM encoding is used in the delivering of a fax 
signal, then the system is to initiate the PCM encoding: 

wherein the system is to Switch, within a fax relay session, 
from or to utilizing a PCM-encoded signal stream, to or 
from, respectively, utilizing a demodulated data stream. 

2. The system of claim 1, wherein the first type of signals is 
associated with fax control signals, and wherein the second 
type of signals is associated with fax image signals. 

3. The system of claim 2, wherein the fax control signal 
comprises a signal belonging to a group of signals consisting 
of: 

answer fax tone including V.8 modified answer tone; 
V.21 FSK, 300 bps; 
V.34 INFO DPSK, 600 bps; 
V.34 Control Channel QAM, 1200 bps or 2400 bps. 
4. The system of claim 2, wherein the fax image signal 

comprises a signal belonging to a group of signals consisting 
of: 

V.27 Phases B and C: 
V.29 Phases B and C: 
V.17/V.33 Phases B and C: 
V.34 Line probe; 
V.34 Primary channel equalizer training; 
V.34 Primary channel Phase C. 
5. The system of claim 1, wherein: 
if the predetermined condition is met, then the system is to 

relay a signal of the second type after demodulating said 
signal; 

otherwise, the system is to transfer said signal after PCM 
encoding said signal. 

6. The system of claim 1, wherein the predetermined con 
dition relates to at least one of: 

availability of one or more computational resources in the 
system that are required for performing signal demodu 
lation process, and 

whether or not the system Supports the modulation scheme 
Selected by fax terminals for image transfer. 

7. The system of claim 1, wherein the system is to transfer 
signals of the second type by: 

receiving a sampled input fax signal; 
determining how to process the sampled input fax signal, 

based on: 
(a) monitoring the sampled input fax signal, 
(b) monitoring fax packets received from the IP network, 

and 
(c) analysis of history of previous signal sequences asso 

ciated with at least one of an originating fax machine and 
a destination fax machine. 

8. The system of claim 1, wherein, 
if a signal to be relayed comprises a signal selected from a 

group consisting of: 
a V8 signal, 
a V.34 INFO signal, and 
a T.30 control signal, 

then the system is to demodulate the signal and then relay 
the demodulated signal over the IP network according to 
a fax relay protocol. 
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9. The system of claim 1, wherein, 
if a signal to be relayed comprises a signal selected from a 

group consisting of: 
a V.34 Line Probe signal, 
a V.34 primary channel equalizer Training Signal, 5 
a T.30 Training Check Frame signal, and 
a fax image signal, 

then the system is to determine whether or not the current 
input fax signals can be demodulated; and 

if the current input fax signals can be demodulated, then the 10 
system is to invoke a corresponding fax receiver and to 
relay the demodulated output data over IP network 
according to a fax relay protocol; 

otherwise the system is to perform PCM-encoding the 
signal without demodulation, to packetize the PCM- 15 
encoded data according to a fax relay protocol (FRP) and 
to forward the FRP packets to the IP network. 

10. The system of claim 1, wherein, 
if the system is incapable of relaying V.34 or the modula 

tion scheme fax image signals in demodulated form, 20 
then the system is to: 

avoid to force a modulation scheme having a lower com 
plexity; 

avoid utilization of a Voice-Band-Data (VBD) transfer 
method for fax calls; 25 

relay signals of the first type in demodulated form, and 
relay signals of the second type in PCM encoded form. 

11. The system of claim 10, wherein the system relays fax 
signals of the second type in non-demodulated form at a data 
signaling rate ranging between 2.4 kilobit per second and 30 
33.6 kilobit per second while avoiding confinement of 
relayed signals of the second type to a bit-rate sub-range of 
2.4 kilobit per second and 14.4 kilobit per second. 

12. The system of claim 1, wherein the system is to avoid 
backwards channeling during PCM relay. 35 

13. The system of claim 1, wherein the system is to avoid 
PCM relay of silence gaps which are required according to 
T.30 Recommendation. 

14. The system of claim 1, wherein the system is to avoid 
returning of an echo in PCM encoded signals relayed over IP 40 
to a remote gateway and to a remote connected fax terminal, 

wherein the system is to transfer signals of the second type 
after being PCM encoded by transferring echo-free half 
duplex PCM-encoded signals. 

14 
15. The system of claim 1, wherein the system is to perform 

modulation and demodulation of T.30 control signals, in a 
first direction from an originate fax terminal to an answer fax 
terminal, and also in a second, opposite, direction from the 
answer fax terminal to the originate fax terminal. 

16. The system of claim 1, wherein the system is to receive 
demodulated fax data from the IP network in a format of Fax 
Relay Protocol; and 

wherein the system is to transmit the relayed fax signals 
toward a connected analog fax terminal. 

17. The system of claim 1, wherein the system is to receive 
non-demodulated PCM-encoded signals of the second type 
from the IP network in a format of Fax Relay Protocol; and 
wherein the system is to play out PCM-encoded signals of the 
second type toward a connected analog fax terminal. 

18. The system of claim 17, wherein the playing out by the 
system of PCM-encoded signals of the second type com 
prises: 

Fax Relay Protocol (FRP) decoding and FRP recovery of 
lost PCM data packets and of re-ordered PCM data 
packets; 

buffering of PCM data received from the IP network: 
transitioning by the system, from or to modulation process 

ing of a fax control signal relayed in demodulated form, 
to or from, respectively, PCM decode processing of a fax 
image type signal with transmission of silence gaps 
which are required according to T.30 Recommendation; 

PCM decoding of buffered PCM data: 
adjusting power of PCM decoded signals; and 
sending the PCM decoded signal samples toward a con 

nected analog fax terminal via a digital-to-analog signal 
interface. 

19. The system of claim 1, wherein the system is to protect 
PCM relayed fax image type signals against network jitter by 
utilizing sufficiently-long buffering of PCM encoded signals 
in the system. 

20. The system of claim 1, wherein the system is to protect 
relayed signals from signal collision and from data collision, 
by, at least, transmitting signals in accordance with T.30 
signal flow definition. 


